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SUMMARY OF PRESENTATION 
This  t a l k  w i l l  summarize t h e  combustion r e s e a r c h  program sponsored by 
NASA Lewis Cont rac t  No. NAS3-22762, "Small Gas Turbine  Combustor Primary 
Zone Study." Recent p u b l i c a t i o n  on t h i s  e f f o r t  was t h e  June  22, 1982 
AIAA Paper  82-1159 au thored  by R. S u l l i v a n ,  A. 'Novick,  G. Miles of  
D e t r o i t  Diesel A l l i s o n ,  and by D. B r i e h l  of NASA Lewis Research Cente r ,  
who i s  t h e  P r o j e c t  Manager. 
The p r e s e n t a t i o n  w i l l  d e s c r i b e  t h e  b a s i c  e lements  of a  des ign  methodology 
program t o  o b t a i n  t h e  maximum performance p o t e n t i a l  of small reverse -  
f low a n n u l a r  combustors. Three p r e f e r r e d  combustion d e s i g n  approaches 
f o r  i n t e r n a l  f lame s t a b i l i z a t i o n  p a t t e r n s  were s e l e c t e d  f o r  s tudy .  
Design f e a t u r e s  were i n c o r p o r a t e d  i n  t h e  combustors t.0 a d d r e s s  t h e  
performance l i m i t i n g  problem a r e a s  a s s o c i a t e d  w i t h  small a n n u l a r  
combustors. Performance was p r e d i c t e d  u s i n g  a 3-D aerodynamic/chemical  
k i n e t i c  e l l i p t i c  f low a n a l y s i s ,  i n i t i a l l y  developed by G a r r e t t  Corporat ion 
f o r  t h e  USARTL. The a n a l y t i c a l  performance p r e d i c t i o n s  a r e  compared 
w i t h  a c t u a l  test r e s u l t s ,  measured a t  t h e  e x i t  p l a n e  of t h e  primary 
zone. The f i n d i n g s  i l l u s t r a t e  t h a t  t h e  a n a l y t i c a l  f l o w f i e l d  p r e d i c t i v e  
models p rov ide  a v e r y  u s e f u l  d e s i g n  t o o l  f o r  unders tand ing  t h e  combustion 
performance of a  s m a l l  reverse-f low a n n u l a r  combustor. 
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OBJECTIVE 
HIRMULATE UNDERSTANDING OF PRIMARY ZONE 
AERODY NAMlCS 
RELATE TO PERFORMANCE OPnMUATHlN 
IMPROVE DESIGN METHODOLOGY OF REVERSE FLOW 
ANNULAR COMBUSTORS 
MTERACTIVE DESIGN, ANALYSIS AND TEST 
CHARACTERISTICS OF 
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ANALYnCAL DESIGN PROCEDURE 
INCORPORATE ANALYTICAL ANALYSIS TO PREDICT 
FUEL-AIR DSTRlBUnON 
DEFINE PRIMARY ZONE AERODYNAMES 
TAILOR FUEL PLACEMENT TO AIR PAfTERNS 
CORRELATE TEST RESULTS TO UPDATE DESIGN 
PROCEDURES 
USE ANALYTICAL ANALYSIS TO GUIDE 
COMBUSTOR MODIFICATIONS 
RELATE OVERALL PERFORMANCE TO 
CONDmONS IN PRIMARY ZONE 
MARC-I CODE DESCRIPTION 
0 3-0 AERODYNAMIC/REACTIN6 ELLIPTIC FLOW ANALYSIS 
ARMY/GARRETT CODE USE0 AS BASELINE 
PRIMITIVE-VARIABLE, FINITE-DIFFERENCE CODE 
SOLVES NAVIER-STOKES EQUATIONS IN 3-0 
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TWO-STEP REACTION MODEL BASED ON ARRHENIUS AND 
EDDY-BREAKUP CONCEPTS 
CXHy-CO-C02 
T Y P I C A L  C O M P U T E R  O P E R A T I O N  
6RID SIZE: 1 7  X 1 3  X 1 3  
REQUIRED ITERATIONS: 3 0 0  (NEW DESIGN) 
100  (DESIGN REVISION) 
COMPUTE'R TIME (IBM 370): 15 MlNLmS ($100/100 liERATlONq 
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ANALYTlCAL ANALYSIS, MARC4 USED TO GUIDE 









24 20 1 6  1 2  8 4 0 
CIRCUMFERENTIAL 'LOCATION--DEGREES 




RADIAL AVERAGING RADIAL VARIATION 
CONCEPT I - MOD I - 80-PERCENT POWER 
FUEL-AIR RATIO 
9 
1 :  
MEASURED 
* SAMPUNG REFERENCE 
128 
APPUCATlON OF MARC-I TO DESIGN 
w COWCEPT Ill BASEUWE SECTOR W I N  RIEL-AIR PROFILE AT PRIMARY AWE OPT 
CONCEPT Ill MDDlRCATlDN &4DDENOUMj 
SUMMARY 
USED 3-0 MODEL TO DEFINE PRIMARY ZONE AERODYNAMW: 
AND FUEL NSTRlBUTlON PATTERNS 
EXPLORED POTENTIAL OF COMBUSTOR CONCEPTS DESffiNED 
TO ADDRESS PROBLEMS OF REVERSE-ROW ANNULAR 
COMBUSTORS 
OBTAINED PRIMARY ZONE 6AS SAMPLES USING EFFECTIVELY 
WSIGNED WATER-COOLED PROBE 
CORRELATED PRIMARY ZONE MEASUREMENTS TO ANALYTlCAL 
PREDCTNNS AND OVERALL PERFORMANCE 
